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osting by EAbstract A modiﬁed multiband single-feed planar inverted-F dual-L antenna (PIFDLA) is pre-
sented for WLAN applications. This proposed antenna with overall size of 24 mm · 30 mm ·
7 mm mounted on a 30 mm · 30 mm · 1 mm ﬁnite ground plane, simultaneously operates in
Bluetooth, IEEE 802.11a/b/g, and HIPERLAN2. This antenna is able to operate at the desired
resonant frequencies for the lower band (2.4–2.63 GHz) and for the upper band (5.04–6.04 GHz).
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The rapid growth of local area network (WLAN) applications
has created strong demands for small internal antennas. Due
to the limited space availability in the wireless devices, the de-
mand for low cost and small size antenna design is required. In
current wireless environments, there are many wireless devices
working in several frequency bands, and providing different
services. There is an increasing need to provide many such
wireless services with one device. An example of this is the inte-
gration of Bluetooth, mobile phone, and wireless local aream (S.F. Salameh), abdlazez@
y. Production and hosting by
Saud University.
lseviernetwork (WLAN) capabilities into some laptop computers.
However, this normally requires many antennas to cover each
service, and it is not possible to ﬁt them all in a small device.
To address this requirement, antennas that operate in multiple
bands are required to support multiple standards. So, the idea
is to enhance the functionality and performance of wireless
communication devices and to cover the existing wireless com-
munication frequency bands. One family of such antennas, the
planar inverted-F antennas (PIFAs), is particularly interesting
due to their compactness and suitable performance. PIFA an-
tenna has been adopted in portable wireless units due to its low
proﬁle, light weight, and conformal structure (Balanis, 1982).
Because of the limited space availability in wireless devices,
the purpose is to keep the size of this type of antenna small
and appropriate for portable wireless units without degrada-
tion of performance in terms of bandwidth and radiation
patterns; so the radiation pattern should close to be omnidirec-
tional and it should cover required operating frequency bands
for the IEEE 802.11a/b/g standard. By adapting the research
outcomes of authors (Olmos et al., 2004), this paper presents
a modiﬁed dual-frequency (2.5/5.67 GHz) compact planar
inverted-F dual-L-shaped antenna with overall size of
30 mm · 24 mm · 7 mm, mounted on a 30 mm · 30 mm · 1
mm ﬁnite ground plane. The target frequencies were chosen
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Bluetooth and ZigBee.
2. Antenna conﬁguration
The aim of this paper is to design an efﬁcient, small and low
proﬁle PIFA antenna with multi-band operations for the
WLAN and Bluetooth applications. Thus, to start with, a lot
of studies have been done in this ﬁeld (Zhou et al., 2008).
Based on PIFA of Zhou et al. (2008), which describes a PIFA
overall size of 30 mm · 15 mm · 8 mm, mounted on a
30 mm · 30 mm ﬁnite ground plane, and the thickness of the
copper conductors is 0.5 mm. The modifying PIFA of Zhou
et al. (2008) is adopted having a rectangular plate feed element
because of its attractive enhanced bandwidth characteristic
(Olmos et al., 2004). This PIFA is modiﬁed to operate as
dual-band antenna so an inverted-L antenna is added to
operate at the desired upper operating frequency for WLAN
applications while the inverted-F antenna operates at the de-
sired lower band for Bluetooth. The PIFA of Zhou et al.
(2008) operates on two bands; the lower band (2.4–2.6 GHz)
at a minimum return loss of 10 dB or less, encompassing
the desired IEEE 802.11b/g, Bluetooth and ZigBee frequency
band (2400–2485 MHz), and the upper band (5–5.65 GHz)
fully covers the IEEE 802.11a (5.15–5.35 GHz) band. In this
paper we modiﬁed the PIFA of Zhou et al. (2008) to achieve
a slightly wider 10-dB return loss bandwidth in the upper
and lower bands, in addition to overall size reduction with
omnidirectional radiation pattern. The modiﬁcations on PIFA
of Zhou et al. (2008) include increasing the thickness of copper
conductors to 1 mm instead of 0.5 mm to strength the antenna
because it is placed on air, creating slot in the planar element
of the inverted-F antenna between short-circuit plate and feed
plate. These slots in the PIFA top plate nominally provide
series reactance when the slot opening is close to the feed,
and this behavior allows bandwidth improvement to be
realized (Kevin and Leo, 2006), furthermore, adding anotherFigure 1 The geometry of PIFDLA.inverted-L antenna as a parasitic element, which is found to
enhance the bandwidth through controlling the resistance
and reactance between the two resonance to achieve an overall
broad-bandwidth (Kathleen and Yahya, 1997). The resulting
modiﬁed PIFA structure is shown in Fig. 1. We start with F-
patch of 18.6 mm · 14.5 mm and with 6 mm above the ground
plane which is 30 mm · 30 mm · 1 mm.
The L-patch is of 10.5 mm · 10 mm, it was 4.5 mm above
the ground plane. After performing different simulations, we
noticed that the distance between the F-patch and L-patches
affects the 10-dB return loss bandwidth in addition to the ef-
fect of the slot between short-circuit plate and feed plate in
bandwidth enhancement; the bandwidth increases as the sepa-
ration between F-patch and L-patches increases, but with
frequency shift for both bands, so to compensate for this fre-
quency shift, the distance between the ground plane and the
L-patch should be adjusted to cover the desired bands.
3. Results and discussion
The antenna design was performed using the HFSS software,
and the following dimensions were found to yield the bestFigure 2 The return loss versus frequency for PIFDLA of F-
patch 6 mm above the ground plane.
Figure 3 Measured and simulated return loss for PIFA of Zhou
et al. (2008).
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ground plane which is 30 mm · 30 mm, L-patch of
8.5 mm · 9.75 mm and 5.2 mm above the ground plane, in
addition to the slot of 11 mm · 1.5 mm · 1 mm on the F-patch
between short-circuit plate and feed plate which provides series
reactance when the slot opening is close to the feed, and this
behavior allows bandwidth improvement to be realized. These
optimal dimensions are obtained based on the following calcu-
lations; we start with the resonant frequency of the lower band
fr which is 2.5 GHz, the lower band created from inverted-F
antenna, so the wavelength k is, k
fr
¼ 120mm, where c is the
speed of light. Because the width of the short-circuit plate W
is equal to the width of F-planar element w1, the effective cur-
rent length is H1 + L1, where L1 is the length of F-planar ele-
ment, and H1 is the height of the short-circuit plate. Then the
resonant condition is L1 þH1 ¼ k4 ¼ 30mmk ¼ 53mm. By ﬁx-
ing the height of the inverted-F to 6 mm above the ground
plane and calculating the planar element length from above
equation to be 24 mm, but due to the coupling between in-
verted-F and inverted-L and due to the open circuited edges,Figure 4 The radiation pattern for the PIFDLA of F-patch 6 mm abo
2.5 GHz, (b) with respect to h for / ¼ 0 and / ¼ 90 at 5.67 GHz, (c)
for h= 90 at 5.67 GHz.the best length for the planar element of inverted-F was
18.4 mm. For the upper band which created from inverted-L
antenna, we start with the resonant frequency of 5.67 GHz,
and then the wavelength is 53 mm.
Because the width of the short-circuit plate for inverted-L
antenna W is equal to the width of L-planar element, the
effective current length is H2 + L2, where L2 is the length of
L-planar element, and H2 is the height of the short-circuit
plate. Then the resonant condition is L2 þH2 ¼ k4 ¼ 13:25mm.
By ﬁxing the height of the inverted-L to 5.2 mm and calcu-
lating the L-planar element length from above equation to be
8.05 mm, but due to the coupling between inverted-F and in-
verted-L and due to the open circuited edges, the best length
for the planar element of inverted-L was 9.75 mm.
The resulting multiband single-feed PIFA achieved an
enhancement of 15% on the lower band (2.4–2.63 GHz) and
an enhancement of 53.8% on the upper band (5.04–
6.04 GHz) in addition to 12.5% size reduction compared with
PIFA of Zhou et al. (2008). Figs. 2–4 show the return loss
and radiation pattern, respectively, for the modiﬁed WLANve the ground plane (a) with respect to h for / ¼ 0 and / ¼ 90 at
with respect to / for h ¼ 90 at 2.5 GHz and (d) with respect to /
Figure 6 The effect of short-circuit plate width on the scattering
parameter S11 versus frequency.
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pattern, respectively, for the PIFA of Zhou et al. (2008).
To see the effect of the short-circuit plate width W, simula-
tion for different values of short-circuit plate widths (8 mm,
10 , and 12 mm) was performed. Results of this simulation
are shown in Fig. 6, the short-circuit width of W< w1
(8 mm and 10 mm) give not good return loss (10 dB,
15 dB, respectively), so the best result for the lower band
was at W= w1 = 12 mm, because the bandwidth and reso-
nant frequency for PIFA decreases as the short-circuit plate
width decreases (Hirisawa and Haneishi, 1992).
To see the effect of ﬁnite ground plane size on the perfor-
mance of PIFDLA, simulations for different sizes of ground
plane with length 30–60 mm of step size 10 mm were per-
formed, these lengths are comparable to 0.25 k; 0.3k; 0.42 k;
and 0.5 k.
Fig. 7 shows the return loss for square ﬁnite ground plane;
the lower band is about 350 MHz for ground plane size ofFigure 5 Simulated and measured radiation patterns for PIFA of Zhou et al. (2008) (left: x–z plane, right: y–z plane) at (a) 2.45 GHz and
(b) 5.2 GHz. ‘‘xxxx’’ simulated cross-polarization, ‘‘oooo’’ simulated co-polarization,‘‘————’’ measured cross-polarization, ‘‘––––
’’measured co-polarization.
Figure 7 The effect of square ﬁnite ground plane size on the
scattering parameter versus S11 frequency.
Figure 8 The effect of square ﬁnite ground plane size on the
scattering parameter S11 versus frequency for PIFLA of Zhou
et al. (2008).
Figure 9 The effect of ground plane thickness on the scattering
parameter S11 versus frequency.
Figure 10 The effect of coaxial cable length on the scattering
parameter S11 versus frequency.
Figure 11 The geometry of PIFDLA supported by substrate.
Figure 12 The return loss versus frequency for PIFDLA
supported by substrate (er = 1.2).
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50 mm · 50 mm, and 60 mm · 60 mm, the return loss is
10 dB, 14 dB, respectively.
If we compare our results for different ground plane sizes
with that presented for PIFA of Zhou et al. (2008), we found
that as shown in Fig. 8, the ground plane size of30 mm · 30 mm is the suitable size for both antennas. For an
antenna to be mounted on ﬁnite ground plane, the outer edge
of the ground plane diffracts incident radiation in all direc-
tions. At the outer edge of the ground plane, the current on
the top and bottom faces of the ground plane are equal in mag-
nitude and opposite in direction, so the total net current is zero
at the edge (Hirisawa and Haneishi, 1992). The outer edge dif-
fraction can alter the input impedance, so the more suitable
ground plane size will be chosen from simulation for different
66 S.F. Salameh, M.K. Abdelazeezground plane sizes. To see the effect of ground plane thickness,
a simulation for different ground plane thicknesses from 0.1 to
0.5 mm with 0.1 mm step size was performed. Fig. 9 shows the
return loss for different ground plane thicknesses; the lower
band is still the same for all thicknesses, but for the upper band
an enhancement of about 4.5% is obtained at thicknesses of
0.4 mm and 0.3 mm and an enhancement of 3% at thickness
of 0.2 mm.Figure 13 The radiation pattern for PIFDLA with er = 1.2
substrate with respect to h for / ¼ 0 and / ¼ 90 at (a) 2.48 GHz
and (b) 5.22 GHz.
Figure 14 The geometry of supported PIFDLA with copper
thickness 0.17 mm.Also the effect of coaxial cable length which is feeding the
antenna is considered, a simulation for different coaxial cable
lengths from 1 to 5 mm with 1 mm step size was performed.
Fig. 10 shows the return loss for different coaxial cable lengths,
in which that the coaxial cable length does not affect the band-
width for the upper and lower bands, but causes small shift in
the resonant frequency for the upper band.Figure 15 The return loss versus frequency for supported
PIFDLA with 0.17 mm copper thickness.
Figure 16 The radiation pattern for supported PIFDLA with
0.17 mm copper thickness with respect to h for / ¼ 0 and / ¼ 90
at (a) 2.45 GHz and (b) 5.35 GHz.
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dielectric material of er ¼ 1:2 – or any dielectric material with
relative permittivity around unity like foam as an example –
was added as shown in Fig. 11, By adjusted all antenna param-Figure 17 The return loss versus frequency for PIFDLA of F-
patch 5 mm above the ground plane.
Figure 18 The radiation pattern for PIFDLA of F-patch 5 mm abov
2.57 GHz, (b) with respect to h for / ¼ 0 and / ¼ 90 at 5.44 GHz, (c)
for h ¼ 90 at 5.44 GHz.eters (L1 = 18.2 mm, w1 = 12 mm, H1 = 7 mm, L2 =
9.75 mm, w2 = 8 mm, H2 = 6.5 mm), Figs. 12 and 13 showe the ground plane (a) with respect to h for / ¼ 0 and / ¼ 90 at
with respect to / for h ¼ 90 at 2.57 GHz and (d) with respect to /
Figure 19 The return loss versus frequency for PIFDLA with F-
patch 5 mm above the ground plane with substrate er ¼ 1:2.
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antenna. Fig. 12 shows an enhancement of 15% on the lower
band (2.39–2.62 GHz) and 78.5% on the upper band (4.74–
5.9 GHz), in addition to a size reduction of 12.5% compared
with PIFLA of Zhou et al. (2008). But the radiation pattern
for supportive antenna does not look to be omnidirectional
and this because the ground surface waves can produce spuri-
ous radiations or couple energy at discontinuities, leading to
distortions in the main pattern, or unwanted loss of power.
The surface wave effects can be controlled by the use of pho-
tonic band gap structures or simply by choosing air as the
dielectric. This solves the limitation of poor efﬁciency as well
along with certain degree of bandwidth enhancement.
Good results obtained by supporting the antenna with
dielectric material (er = 1.2) lead us to start with the PIFDLAFigure 20 The radiation pattern for PIFDLA of F-patch 5 mm abov
and / ¼ 90 at 2.5 GHz, (b) with respect to h for / ¼ 0 and / ¼ 90
with respect to / for h ¼ 90at 5.19 GHz.antenna with substrate that covers all the ground plane with
er ¼ 1:2 and height of 7 mm for inverted-F which is 7 mm
above the ground plane and 4.5 mm for inverted-L which is
4.5 mm above the ground plane, in addition to the copper
thickness of 1 mm for copper conductors and removing the slot
between the feeding plate and short-circuit plate. By adjusting
all parameters (L1 = 18.4 mm, w1 = 12 mm, H1 = 8 mm,
L2 = 9.5 mm, w2 ¼ 8:5mm, H2 ¼ 5:5mm), this proposed an-
tenna operates from 2.37 to 2.55 GHz for the lower band and
from 5.01 to 5.72 GHz for the upper band. But for the copper
thickness of 0.17 mm for F-patch and L-patches and copper
thickness of 1 mm for short-circuit plates with substrate of
height 7.5 mm for the inverted-F antenna and 6 mm for the in-
verted-L antenna; the antenna operates from 2.36 to 2.56 GHz
for the lower band and from 4.88 to 5.69 GHz for the uppere the ground plane with substrate (a) with respect to h for / ¼ 0
at 5.19 GHz, (c) with respect to / for h ¼ 90 at 2.5 GHz and (d)
Table 1 Summary of ﬁnal results.
Bandwidth of the
lower band (MHz)
Bandwidth of
the upper band
(MHz)
Bandwidth enhancement
for the
Size
reduction
(%)
Lower band (%) Upper
band (%)
PIFLA (Zhou et al., 2008) 200 650 Our
reference
Our
reference
PIFDLA of F-patch 6 mm above the ground plane 230 1000 15 53.8 12.5
Supported PIFDLA of F-patch 6 mm above the ground plane 230 1160 15 78.5 12.5
Supported PIFDLA with 0.17 mm copper thickness 200 810 0 24.6 4
PIFDLA of F-patch 5 mm above the ground plane 270 1200 35 84.6 25
Supported PIFDLA of F-patch 5 mm above the ground plane 220 1180 10 81.5 24
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pattern, respectively, for supported antenna of copper thick-
ness 0.17 mm.
Another simulation was performed for 5 mm between the
F-patch and the ground plane instead of 6mm as in previous
discussion with air substrate, for this modiﬁed antenna the
lower band enhanced by 35% (2.47–2.74 GHz) and the upper
band enhanced by 84.6% (4.9–6.1 GHz) in addition to size
reduction of 25% compared with PIFA of Zhou et al.
(2008). This proposed multiband single-feed PIFA simulta-
neously operates in the IEEE 802.11a/b/g, HIPERLAN2 and
WiMax band (2.5–2.7 GHz) instead of Bluetooth (2.4–
2.48 GHz). Figs. 17 and 18 show the return loss and radiation
pattern, respectively, of this planar inverted-F dual-L antenna
(PIFDLA).
By the same way we supported the PIFDLA – 5 mmF-patch
above the ground plane – by dielectric material er = 1.2, the re-
turn loss and radiation pattern for this antenna are shown in
Figs. 19 and 20, respectively. Fig. 19 shows an enhancement
of 10% on the lower band (2.41–2.63 GHz) and an enhance-
ment of 81.5% on the upper band (4.7–5.88 GHz) in addition
to a size reduction of 25% compared to PIFLA of Zhou
et al. (2008). Note that the existent of substrate shifts the lower
frequency band to operate on Bluetooth not WiMax band. All
results are summarized in Table 1.
4. Conclusion
In this paper a modiﬁed multiband single-feed planar
inverted-F dual-L antenna (PIFDLA) with overall size of
24 mm · 30 mm · 7 mm mounted on a 30 mm · 30 mm ·
1 mm ﬁnite ground plane, is presented. The simulation for this
multiband single-feed antenna with air substrate has been car-
ried out using HFSS software to investigate the antenna’s per-
formance and characteristics. From the simulation results, it
has been found that the antenna is able to operate at the desired
resonant frequencies for the lower band (2.4–2.63 GHz) and for
the upper band (5.04–6.04 GHz), in addition to size reduction
of 12.5% or lower band (2.47–2.74 GHz) and for the upper
band (4.9–6.1 GHz), in addition to size reduction of 25% –
depending on its height – so this antenna at return loss of
10 dB fully covers Bluetooth band (2.4–2.4835 GHz) or Wi-
Max band (2.5–2.7 GHz) – depending on its height – in addi-
tion to IEEE 802.11a (5.15–5.35 GHz, 5.725–5.825 GHz)band, and HIPERLAN2 (5.47–5.725 GHz) band. Also the
radiation pattern for this antenna is omnidirectional.
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